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THE EFFECT OF POTASSIUM ON THE GROWTH OF
NORMAL AND MALIGNANT CELLS IN
TISSUE CULTURE*
ROBERT TENNANT AND AVERILL A. LIEBOW
Potassium is the dominant cation of the cell, but in the body
fluids sodium dominates. This remarkable fact has been the stim-
ulus to many investigations of normal and malignant tissues.'4
Analysis of tumor tissue has shown, in general, an increase in potas-
sium which is roughly proportional to the rate of growth." 2,18
Roffo"2 states that the potassium content of rat tumor was about the
same as that of rat embryos. According to Negre," and also to
H'andel,9 transplantable tumors of mice took successfully in a higher
proportion of instances and grew more rapidly in mice previously
fed diets high in potassium. Goldzieher7 and Goldzieher and
Rosenthal8 obtained similar effects following intraperitoneal injec-
tions of potassium salts in mice. Analogous experiments with the
rabbit by Tokunaga and Nagaoka"7 had the same result, but Sugiura
and Benedict"5 could not confirm these findings in rats. In ABC
albino mice rendered deficient in potassium the growth of tumor
15091a was found in our laboratory'0 to be significantly retarded,
but large, well-established, rapidly growing tumors were not signifi-
cantly influenced in their growth by removing potassium from the
diet. Experiments with tumor and normal tissues in culture were
made by Roffo,"3 but the interpretation of these experiments was
made difficult since more than one factor was varied and exact quan-
titative methods were not employed. This writer concluded that
increase of potassium in the media enhanced the growth of both
normal and malignant tissues.
Tissue culture affords a quantitative method of determining the
results of known changes in the environment of the cell. In the
present experiments the effect of equimolecular substitution of
K+ for Na+ on the growth of normal and malignant cells was
investigated.
* From the Departments of Pathology of the Yale University School of Medicine
and of the Meriden Hospital. Aided by a grant from the Jane Coffin Childs
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Materials and methods
The tissues studied included Yale Carcinoma #1 (a theelin-induced mam-
mary carcinoma of Strong A mice), another mammary carcinoma (of C
Bagg Albino mice), Sarcoma 258 (a rhabdomyosarcoma induced in C3H mice
with methylcholanthrene), heart of the newborn mouse, and mixed tissues
derived from the lumbar regions of mouse embryos.
The Carrel flask method was employed as described in detail previously.16
The explants, usually five in each flask, were incubated in chicken-plasma
clots. The nutrient was rat serum, obtained with precautions to prevent
hemolysis, diluted with two volumes of Tyrode solution. After a preliminary
period of growth the nutrient was removed and the flasks were divided into
control and experimental groups comprising generally at least 25 colonies.
TABLE 1
TYRODE SOLUTION
Normal Ty. 100% K Ty.
NaCl ............................. 8.00 0.0
KC1 .............................. 0.37 10.57
NaHCO .0.23 0.23
CaC2 .0.17 o.17
MgCI,.6HO.0.21 0.21
Na2HPO42H20 ............ ........ 0.15 0o15
KH2PO4 .0.03 0.03
MgSO4.7H2O .0.07 0.07
d -Glucose .1.00 1.00
H,O .......... ................ To make 1000 cc. To make 1000 cc.
The control cultures were washed with 1.0 cc. of normal Tyrode and the
experimental cultures with 1.0 cc. of isotonic modified Tyrode containing the
desired amount of K+. These were made by appropriate mixtures of the
solution prepared according to Gey and Gey,6 with "100%o K Ty."; the
compositions of the salines are indicated in Table 1.
The area (A) of each colony was now determined by the projectoscope-
planimeter technic. During the period of measurement, approximately one
hour, all of the cultures were stoppered and kept at room temperature. At
the end of this time the wash solution was replaced by the appropriate isotonic
nutrient mixtures containing the desired amount of K+ and the same concen-
tration of rat serum as in the preliminary period of growth.* After an appro-
priate period of incubation the areas (B) of the colonies were determined as
before, but now the nutrient was not removed. The expansion rate factors
(E.R.F.) of the control and experimental groups were calculated, and their
* Analyses of the solutions were kindly made by Dr. K. A. Klinghoffer of the
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means were tested for statistical significance by the use of the Fisher4 "t"
factor. The E.R.F. is defined as 'V X 100,000 divided by the number of
hours in the experimental interval. A and B respectively are the areas of the
colonies at the beginning and at the end of the experimental interval.
Observations
1. Normal tissue. The effect of equimolar substitution of
potassium for sodium in the nutrient medium on the growth of
normal tissues was studied. After a preliminary growth period of at
TABLE 2
NORMAL MOUSE TISSUES
Exp. No. Group
No. of
Cols.
Time of E. R. F.
Observation (See Text) t Factor p
206 Control 22 953*.2028 (Newborn 72nd-120th hrs.
mouse heart) K+=approx. 40 m. eq. 36 889 27.45 1.88 >.05
210 Control 36 809.2* 23.23
(Newborn 82nd-126th hrs.
mouse heart) K+-approx. 42 m. eq. 32 703.1*21.77 3.33 <.01
222 Control 54 1015*46.87
(Newborn 114th-138th hrs.
mouse heart) K+ approx. 40 m. eq. 63 947 511.69 <1 >.05
243 Control 45 805.8 23.43
(Newborn 96th-134th brs.
mouse heart) K+ *appnox. 40 m. eq. 37 765.3*23.48 1.22 >.05
245 Control 34 722.6= 17.17
(Newborn K+=approx. 40 m. eq. 28 120th-166th hrs. 655.4*20.31 2.53 .02
mnouse heart) K+=approx. 70 m.cq. 31 577.2*16.25 6.15 <.01
284 Control 45 1278 *33.4
(Newborn K+=approx. 40 m. eq. 38 80th-128th hrs. 1175 i 25.3 244 <.01
mouse heart)
304 Control 52 1132
(Newborn 63rd-87th hrs.
mouse heart) K+=approx. 40 nL eq. 51 1138 N. S. >.05
218 Control 33 830.6 30.16
(Dorsal K+=41 m. eq. 34 72nd-108thhrs. 719.7*23.74 2.89 <.01
mesenchyme) K+=97 m. eq. 18 512.11*24.71 8.17 <.01
_
233 Control 58 1443 53.89
(Dorsal 72nd-92nd hrs.
mesenchyme) K+-approx. 40 m. eq. 47 1366*61.59 <1 >.05
N. S. = Not significant. P -Probability of error.
least 72 hours, the expansion rate during a subsequent interval was
determined. When approximately 40 m. eq. of potassium per liter
were substituted for an equivalent amount of sodium in the nutrient
medium the expansion rate was decreased. In four of nine such
experiments the decrease was statistically significant (Table 2).YALE JOURNAL OF BIOLOGY AND MEDICINE
Graphic representation of a typical experiment is made in Fig. 1
(exp. 245). When more than 40 m. eq. of potassium were substi-
tuted for the equivalent amount
n00- of sodium the inhibition was more
fl=28 striking, as tested in one experi-
6n0 * ment (218) with dorsal mesen-
chyme of embryo mouse and in
J4 ~i another with heart of the newborn
400- E. mouse (245). 4oo- _j c,, '9: 2. Yale Carcinoma No. 1. 0 xmOd ' t When similar experiments were
20+ j performed with mouse mammary 0 M X Xu carcinoma (Yale Tumor No. 1)
, %9 a substitution of 40 m. eq. of po-
tassium for an equivalent amount 0- p t-6.os of sodium in the nutrient medium
=P< .01 produced a statistically significant
FIG. 1. (Exp. 245)-Effect of substituti!eg increase in the expansion rate of K+ for Na4 on the expansion rate of coloniesinraenthexnsortef
of the heart of the newborn mouse, 130th to the tumor in six of the nine exper- i66th hours,h.uo i h ieepr
iments. In the others, those with
the higher K+ level also showed the n=43
greater E. R. F. When approximately I
70 m. eq. ofpotassiumwere substituted for :
sodium in the nutrient medium the rates :
of the control and experimental groups
were approximately the same except in
one experiment, 209, when a significant
increase was noted. The data are sum- 0
marized in Table 3 and a representative 0 a
experiment is illustrated in Fig. 2. 0 au "
3. Bagg Carcinoma. The more ,! X +1
slowly growing carcinoma propagated in g + oIt0
Bagg Albino mice was investigated in ° S K.
a similar manner. In one of four series . of observations the group at the increased t =2.90
K+ level showed a significantly greater PFIG 2
FIG.2. (xp.232)-Effect of E. R. F. than did the control. In only substituting K for Na+ on the
expansion rate of colonies of Yale one was the E. R. F. of the control group Carcinoma No.. 1; 39th to 48th
greater, and then not significantly. hours.
4. Sarcoma H. M. Z. 258. In the seven experiments (Table
5) conducted with this rhabdomyosarcoma an excess ofK+ was found
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to inhibit growth slightly, but significantly, in one instance. There
was not the uniform striking inhibition observed with the heart
cultures.
TABLE 3
YALE CARCINOMA NO. 1
Exp. No. Group
Timeof E. R. F.
No. of Cols. Observason (See Text)
Control 27 3199 88.5
195 44th-52nd hrs.
K+ - 40 m. eq. 32 3592*94.7 3.03 <.01
Control 22 2360-96.5
203 40th-5Oth hrs.
K+- approx. 40 m. eq. 26 2731*89.4 2.82 .02
Control 33 2261*80.3
209 K+-35 m. eq. 34 38th-48th hrs. 2646 85.5 3.28 <.01
K+ 76m.eq. 28 2688 128.1 2.82 <.01
Control 22 2065 108.3
215 39th-48th hrs.
K+ 38.5 m.eq. 25 2170*114.8 <1 >.05
Control 36 2527i78.7
220 39th-48th hrs.
K+= 70.1 m. eq. 40 2437*89.5 <1 >.05
Control 44 2343 86.3
224 K+=approx. 40 m. eq. 33 39th.47th hrs. 2695 i107.1 2.54 .02
K+ approx.70m.eq. 44 2326*81.6 <1 >.05
Control 44 2912*&83.2
232 39th-48th hrs.
K+.approx. 40 m. eq. 43 3270*91.1 2.90 <.01
Control 50 2192 69.2
244 36th-46th hrs.
K+-approx. 40 m. eq. 44 23411.i 76.3 1.50 >.05
Control 33 1598*57.1
276 42nd-53rd hrs.
K+=appnox.40m.eq. 45 1909z 70.4 3.43 <.01
Control 26 2487 b55.7
311 44th-6Oth hrs.
K+==approx. 40 m. eq. 29 2538*57.2 <1 >.05
TABLE 4
BAGG CARCINOMA
Time of
Exp. No. Group No. of Colt. Observation E. R. F. t Factor P
Control 27 1615
295 43rd-63rd hrs. <1 >0.05
K+ -approx 40 m. eq. 25 1665
Control 37 1780
299 44th-64th hrm <1 0.05
K+-approx. 40 m. eq. 411 1695
Control 45 1544 63.3
301 49th-69th hrs. 3.39 <0.01
K+sapprox. 40 m. eq. 55 1832*57.1
Control 24 2102
303 43rd-63rdhrs. <1 >0.05
K+approx. 40 m. eq. 26 2181
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5. Sarcoma 180. With Sarcoma 180* the expansion rates were
variable, as is indicated by the large standard errors of the mean.
TABLE 5
Exp. No. GrosP
SARCOMA H.M.Z. 258
Time of
No. of Cols. Observation E. R. F. t Factor p
Control 24 861.4
266 72nd-108th hrs. <1 >0.05
K+_-approx. 40 m. eq. 32 925.3
Control 54 817.9.i21.9
268 SOth-98th hrs. 3.34 <0.01
K+=approx. 40 m. eq. 39 677.9%21.0
Control 54 1122
270 60th-9Oth hrs. <1 >0.05
K+=approx. 40 m. eq. S0 10711
Control 45 1417
275 50th-86th hrs. <1 >0.05
K+-approx. 40 m. eq. 41 1,021
Control 38 766.9
282 77th-113thhrs. <1 >0.05
K+ approx. 40 m. eq. 25 736.6
Contriol 26 998.1
285 72nd-114th hrs. <1 >0.05
K+-approx. 40 m. eq. 34 939.8
Control 38 704.0
286 82nd-130th hes. <11 >0.05
K+ approx. 40 m. eq. 39 679.6
Although the E. R. F. values of the K+ high group were uniformly
greater than those of the controls, no statistically significant results
were obtained. The data are summarized in Table 6.
TABLE 6
SARCOMA 180
Time of
No. of Cols. Observation E. R. F. t Factor
Control 36 1244 40.8
234 [(Interval.24 hrs.) 234_ K+-approx.40 m. eq. 36 1291 41.8 <1 >.05
Control 37 1394= 58.5
237 44th.68th hrs. 237__ K+=approx. 40 m. eq. 47 1482a=55.4 1.09 >.05
Control 46 1268a. 59.3
241 48th-72nd hrs.
K+=approx. 40 m, eq. 36 I_ 1311*56.9 <1 >.05
Discussion
The results of the first two groups of experiments suggested that
normal tissues could be distinguished from malignant neoplasms by
* This material was kindly sent by Dr. Kanematsu Sugiura.
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the opposite response to potassium. This suggestion was not
realized when the sarcomas under study were found to occupy an
intermediate position. In this work comparative observations, as
demanded by Cowdry,3 are lacking on normal epithelium of the
same type as that from which the carcinoma was derived. This
results from the technical difficulty of obtaining even relatively pure
cultures of normal epithelium. In the case of the two mouse-breast
carcinomas used here the rapidly multiplying epithelial cells soon
leave their stroma behind at the center of the explant. Evidence
that actual proliferation of cells is chiefly responsible for the increase
in the area of the colony during the experiment is presented in an
earlier publication.16 Despite slowing of the growth rate with the
higher levels ofK+ no histological changes were seen in the cultures.
The cultures were observed to contract rhythmically in concentra-
tions of K+ as high as 17 m. eq. Transplants of colonies in contact
with approximately 70 m. eq. of K+ for four days into fresh media
made with physiological Tyrode solution were not only capable of
vigorous growth but resumed beating. Nevertheless, a blood K+
level of about 14 m. eq. obtained by intravenous injection of KCI
is fatal to dogs.L9 It is apparent that death results not from lethal
action upon the cells but from interference with function.
Summary and conclusions
When potassium is substituted for sodium in equimolar amounts
to the extent of about 40 m. eq. per liter, colonies of normal
embryonic mesenchyme and of heart tissue of newborn mice were
found to increase more slowly in surface area than controls. On
the contrary, at the higher concentration of potassium colonies of
two mouse-mammary carcinomas, Yale Carcinoma No. 1 and the
Bagg tumor, were found to increase more rapidly. The response
of sarcomas 180 and H. M. Z. 258 appears to lie somewhere between
the two groups.
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